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Abstract. - The objective of the study was to describe the ovarian abnormalities of horse mackerel, Trachurus 
trachurus (Linnaeus, 1758), and to investigate the relationships that may exist between these abnormalities and 
nematode parasite infestation. 953 specimens of T. trachurus were randomly sampled between February 2013 
and March 2014. A biometric analysis was conducted for every fish specimen. After dissection, parasites were 
collected, identified and the infestation rate was calculated. A macroscopic and microscopic study of the gonads 
was carried out for the infested and non infested fish specimens. The results revealed that only one ovary of the 
total sample examined had a morphological malformation. However, the microscopic study revealed that almost 
all the infested females had abnormalities: cyst and atresia increased for 17% and 38% of the examined sub¬ 
sample, respectively. The current results showed clearly that ovarian abnormalities were observed in large and 
old females, which were the most infested. 
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Resume. - Relation entre Tinfestation par Anisakis et les anomalies ovariennes chez le chinchard, Trachurus 
trachurus, des cotes est-algeriennes. 

L’objectif de Tetude est de decrire les anomalies ovariennes du chinchard, Trachurus trachurus (Linnaeus, 
1758) et de rechercher la relation pouvant exister entre ces anomalies et Tinfestation par les parasites nematodes. 
Entre fevrier 2013 et mars 2014, nous avons echantillonne 953 specimens de T. trachurus peches au niveau de 
la cote est-algerienne. Une etude biometrique a ete realisee sur chaque specimen de poisson. Apres dissection, la 
recherche, la recolte et Tidentification des parasites ont permis le calcul du taux d’infestation. Une etude macros- 
copique et microscopique des gonades a ete realisee pour les specimens infestes et non infestes de ce poisson. 
Nos resultats revelent qu’un seul ovaire de Tensemble de Techantillon examine presentait une malformation 
morphologique. Cependant, Tetude microscopique a revele que la quasi-totalite des femelles infestees presen- 
taient des anomalies : kyste et atresie accentuee pour 17% et 38% du sous-echantillon examine, respectivement. 
L’etude montre clairement que ce sont les gonades des grands specimens, qui sont d’ailleurs les plus infestees 
par les nematodes parasites, qui sont touchees par ces anomalies. 


Horse mackerel Trachurus trachurus (Linnaeus, 1758) 
is an economically important species of the Mediterranean 
Sea. In Algeria, it is caught by trawlers at around 280 tons 
per year (FAO, 2013). In addition, it is of great nutritional 
value, since it contains high levels of polyunsaturated fatty 
acids which consumption is supposed to be beneficial for 
human health (Shahidi and Miraliakkbari, 2004, 2005). 

Trachurus trachurus is among the fish species that are 
the most infested by various species of anisakid nematode in 
Spain (Adroher et al., 1996; Gutierrez-Galindo et al., 2010), 
Atlantic waters (MacKenzie et al., 2004), Egypt (Morsy 
et al., 2012), Morocco (Abattouy et al., 2014) and Algeria 
(Ichalal et al., 2015,2017). 

The nematodes of the genus Anisakis (Nematoda, 
Ascaridida) are parasites of the digestive tract of cetaceans. 
They use a great number of fish species as intermediate or 


paratenic hosts in their complex life cycle (Smrzlic et al., 
2012; Tantanasi et al., 2012). Several studies demonstrated 
that the host specificity of Anisakis spp. is low since it was 
identified in many different fish families (Skov et al., 2009; 
Klimpel et al., 2010). 

Anisakid parasites have a great negative impact on tel- 
eost fish health and stocks. Indeed, these parasites induce 
severe inflammatory reactions with tissue deformation and 
haemorrhages in Atlantic cod, Atlantic salmon and sea trout 
(Beck et al., 2008; Nogueraef al., 2009; Levsen and Berland, 
2012; Haarder et al., 2013; Buchmann and Mehrdana, 2016). 
The presence of Anisakis larvae in the tissues affects the 
normal function of these organs and may affect the behav¬ 
iour, the physiological state, health and survival of the host 
(Sprengel and Liichtenberg, 1991; Rohlwing et al., 1998). In 
addition, Clarke et al. (2006) reported that nematode para- 
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sites can affect the incidence of atresia in fish. Atresia is a 
common process in the ovaries of fish and other vertebrates 
(Guraya, 1986; Hirshfield, 1991). This involutive process 
regulates fish egg production, allowing females to recover 
part of the energy invested in oocytes (Guraya, 1986). How¬ 
ever, high incidence of atresia can prevent proper develop¬ 
ment of oocytes and probably affects fish fecundity (Clarke 
et al., 2006). On the other hand, large and persistent atretic 
follicles can become cysts by an atypical swelling of the fol¬ 
licular envelop (Tomkiewicz et al., 2003; Witthames et al., 
2010 ). 

Reports regarding the effect of Anisakid nematodes on 
T. trachurus health are very scarce. Soric et al. (2012) report¬ 
ed that T. trachurus infested by Anisakis simplex (Rudolphi, 
1809) larvae show significant differences in body shape 
between strongly and weakly parasitized fish. However, 
effects of these nematodes on the horse mackerel gonads are 
poorly documented. Ichalal et al. (2016) reported for the first 
time that Anisakids could induce macroscopic and micro¬ 
scopic intersex in horse mackerel T. trachurus. The present 
study aims to describe abnormalities in relation with nema¬ 
tode parasite infestation on T. trachurus gonads. 

MATERIEL AND METHODS 

Sample collection and treatment 

953 Trachurus trachurus were randomly collected from 
commercial fisheries from the Gulf of Bejaia, in the East¬ 
ern coast of Algeria, from February 2013 to March 2014. 
Total and standard lengths and weights of all specimens 
were measured to the nearest 0.1 cm and 0.1 g, respective¬ 
ly. Sex was identified according to the external appearance 
of T. trachurus gonads (colour and tissue aspect) (Macer, 
1974; Walsh et al., 1990; Costa, 2001; Karlou-Riga, 2003). 
Total length and weight and age of infested and non infested 
females were tested statistically by student’s t-test using the 
statistical software MINITAB 13.31 (2000). 

Age determination 

Otolith extraction was performed through gill opening. It 
consisted in cutting the gill isthmus and in bending the head 
back away from the rest of the body; the prootic bulla were 


then carefully cracked and otoliths were extracted (Secor et 
al., 1992). Otolith sagittae were mounted with drop of glue 
in glass slides, ground along the longitudinal plane using 
increasing granularity sandpaper (400 and 1200 grain). The 
exposed surface was then polished and smoothed using suc¬ 
cessively alumina paste and felt polishing. Finally, the glass 
slides were observed in binocular microscope for otolith 
reading (Waldron and Kerstan, 2001). 

Parasitological examination 

Gills, skin, fins, mouth, liver, intestines and ovaries 
of fish were examined for any parasitic form, using a ster¬ 
eomicroscope (Morsy et al., 2013). Light and scanning 
electronic microscopy (SEM) studies were performed on 
nematode specimens in order to characterize their morphol¬ 
ogy according to Ichalal et al. (2015). Calculated parasito¬ 
logical indexes were: prevalence (P), which is the number 
of infested fishes divided by the number of examined fishes, 
expressed as a percentage; mean intensity (ml), representing 
the total number of parasites of a particular taxon divided by 
the number of infested fish (Bush et al., 1997). 

Histological study 

A subsample of 24 T. trachurus specimens was analyzed. 
Individuals were chosen according to their nematode para¬ 
site infestation rate. Gonads were fixed in 10% neutralized 
formalin and divided into equal pieces of transverse 5-mm 
thickness portions. These portions were then dehydrated 
through increasing ethanol concentrations (70-95%), cleared 
in xylene and embedded in paraffin. Histological sections of 
3-urn thickness were then performed using a Leica RM2025 
rotary microtome. Sections were mounted on glass micro¬ 
scope slides, stained with Mayer’s haemalun-eosin, and 
mounted with Canada balsam. Samples were then examined 
by light microscopy and photographed using a digital cam¬ 
era. 


RESULTS 

Prevalence and morphometry 

External examination of fish samples collected indicated 
absence of any fish body malformations. During internal 


Table I. - Mean morphometric values of healthy and infested Trachurus trachurus. sd: standard deviation; SL: Standard length; TL: Total 
length; TW: Total weight. 


Parameters 

Healthy (n = 832) 

Infested (n = 121) 

Male 
(n = 88) 

Female 
(n = 108) 

Immature 
(n = 636) 

Male 
(n = 44) 

Female 
(n = 41) 

Immature 
(n = 36) 

TL (mean ± sd) cm 

SL (mean ± sd) cm 

TW (mean ± sd) g 

Age (mean ± sd) years 

17.95 ±4.11 

14.84 ±3.42 

49.60 ±25.48 

3 ± 1.42 

17.01 ±4.13 

14.06 ±3.43 

39.84 ±25.59 

2 ± 1.42 

14.78 ± 1.98 

11.96 ± 1.55 

24.64 ± 10.11 

1 ±0.93 

19.67 ±4.33 

16.41 ±3.66 

60.92 ±28.19 

3 ± 1.49 

19.62 ±4.28 

16.25 ±3.58 

59.55 ±26.70 

3 ± 1.46 

15.62 ±4.62 

12.58 ±3.87 

29.99 ±28.92 

2 ± 1.55 
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Figure 1. - Morphology of Trachurus trachurus gonads. A: Com- 
partmented ovary: ovarian strand separated into two lobes; B: Nor¬ 
mal ovary. Scale bar = 1 cm. 


examination, nematode parasites belonging to Anisakidae 
family were encountered in organs of the abdominal cavity 
inside the intestine and ovaries. 

The total parasitological indexes of nematode infesta¬ 
tion among all fish samples collected during the period 
of study were: prevalence P = 12.70% and mean intensity 
ml = 2.6 parasites/infested fish. It was noticed that gonads 
show a higher incidence of infestation (45.19%) than viscera 
(43.27%) and intestines (11.54%). 

Table I summarizes the morphometric data. We noted that 
infested specimens were larger and older than healthy ones. 
The numerical results of the statistical t-test were for length, 



Figure 2. - Microphotographs of cross- 
sections of horse mackerel ovaries 
(Mayer’s haemalum-eosine staining). 
A: Normal mature follicle; B: Cystic 
follicles with C: Proliferation of follic¬ 
ular cell layers (black arrows); D: Nor¬ 
mal atretic oocyte showing invasion of 
the oocyte yolk by the granulosa cells 
(arrowheads) and appearance of sev¬ 
eral vacuoles (asterisk); E: Stratified 
squamous epithelium structure of a cyst 
with disorganized cells (black arrows) 
and F: Vacuoles, cyf: cystic follicle; 
gr: granulosa; mle: multi-layered epi¬ 
thelium; th: theca; v: vacuole; zr: zona 
radiata. 
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weight and age: P = 0.0001, P = 0.0001, P = 0.005, respec¬ 
tively. In conclusion, a significant difference was observed 
between infested and non infested females. 

Gonadal abnormalities 

Macroscopic features 

A macroscopic malformation, which is compartmen- 
tation, represented 0.67% of the total examined females 
(n = 149). Compartmentation features were manifested by 
the division of the ovary into two lobes (Fig. 1A) compared 
to the normal one (Fig. IB). 

Microscopic features 

Among 24 gonads histologically examined, cysts were 
observed in four infested females measuring between 17.7 
and 22.9 cm. Follicular cyst represent 16.66% of the exam¬ 
ined subsample. 

Cyst structure 

In the normal mature follicle, the oocyte is surrounded 
by three cell layers: the outer theca followed by the granulo¬ 
sa then the zona radiata (Fig. 2A). Cysts are abnormal struc¬ 
tures in which follicular cells disorganize by proliferating 
and forming a multilayered epithelium (Fig. 2B, C). In the 
normal atretic process, cells from the granulosa invade the 
cytoplasm of the oocyte. Therefore, the ooplasm is degraded 
by forming several vacuoles, until complete degeneration of 
the oocyte (Fig. 2D). However, in cyst structure, an atypical 
swelling of follicular layers was observed instead of normal 
atresia leading to cyst formation. Cyst envelop is a stratified 
squamous epithelium with disorganized cells and several 
vacuoles (Fig. 2E, F). 

Incidence of atresia 

T. trachurus is an asynchronous species, ovaries of non 
infested females showed normal histological structure with 
oocytes at various maturation stages (Fig. 3A). However, 
histological analysis revealed that nine infested ovaries of 
the examined subsample (37.5%) showed a high incidence 
of atresia, oocyte detachment from its follicular envelope 
and breaking of the follicular layer (Fig. 3B). 

Parasitological analysis and abnormalities 

The parasitic infestation rate was calculated for all the 
examined subsample and results are showed in the table II. 
According to the table II, all individuals with gonad abnor¬ 
mality showed a high parasitic infestation rate. 

DISCUSSION 

The present study demonstrated, for the first time, the 
presence of ovarian abnormalities induced by parasites in 



Figure 3. - Microphotographs of cross-section of horse mackerel 
ovaries (Mayer’s haemalum-eosine staining). A: Normal histologi¬ 
cal structure with oocytes at various maturation stages; B: High 
incidence of atresia (asterisk), oocyte detachment from follicular 
layers (arrowheads) and breaking of the ovarian follicle (arrows). 
Og Oocyte in stage I; On : Oocyte in stage II; Om: Oocyte in stage 
III; Oiv: Oocyte in stage IV; Oat: atretic oocyte; Og: Oogonia. 

horse mackerel T. trachurus from the eastern coast of Alge¬ 
ria. 

In our previous study, Ichalal et al. (2016) reported for 
the first time macroscopic and microscopic intersex as abnor¬ 
mality in the same species from the same locality. Authors 
demonstrated that parasites could be the cause of this gonad 
deformity. 

The current results show that parasitism, a stressful fac¬ 
tor for wild fish, was associated with a large range of ovarian 
disorders. Parasites affected fish gonads either at macroscop¬ 
ic or microscopic level. At macroscopic level, parasitism 
was associated with gonad malformation, which is called 
compartmentation. Whereas, at microscopic level, parasites 
induced ovarian cysts and high incidence of atresia. These 
ovarian abnormalities were already reported in fish by Itoh 
et al. (2004), Clarke et al. (2006), Bittner et al. (2009), Al- 
Jahdali and Hassanine, (2010), Parsakhanghah et al. (2011) 
and Sanoun et al. (2012). 
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Table II. - Parasitological indexes of nematodes according to healthy and malformed gonads, ml: mean 
intensity; n: number of individuals; P: prevalence. 


Type of abnormalities 

Percentage of abnormalities 

Date of capture 

Parasitological indexes 

P(%) 

ml 

Macroscopic malformation 
(compartmentation) 

0.67% of the total females 

06Jun. 2013 

100 

7.0 

Microscopic malformation 
(Cyst structure) 

16.66 % of the sub sample 

26 Mar. 2013 (n = 2) 
06Jun. 2013 

22 Dec. 2013 

100 

4.5 

Microscopic malformation 
(incidence of atresia) 

37.5% of the subsample 

24 Feb. 2013 

26 Mar. 2013 (n = 3) 
29 Apr. 2013 
06Jun. 2013 

29 Oct. 2013 

20 Nov. 2013 

22 Dec. 2013 

100 

4.5 

Healthy gonads 

0% 

24 Feb.2013 

26 Mar. 2013 

08 Oct. 2013 

20 Nov. 2013 

19 Jan. 2014 (n = 2) 

0 

0 


Based on macroscopic evaluation, the compartmentation 
is a morphological abnormality, showing the same atypi¬ 
cal characters than described by Bernet et al. (2004). These 
authors reported that the intersex and compartmentation 
abnormalities in whitefish Coregonus spp. (Linnaeus, 1758) 
were considered like true gonad deformations. 

Focusing on microscopic analysis of gonad histologi¬ 
cal sections, some abnormal follicular and oocyte structures 
were observed, forming ovarian cysts. These cysts were 
observed as abnormal structures concerning the oocyte with 
the different surrounding follicular layers. The structure of 
the cyst included an abnormally shaped oocyte surround¬ 
ed by several layers of disrupted follicular cells as well as 
numerous vacuoles. These criteria were observed by Tomk- 
iewicz et al. (2003), Witthames et al. (2010) and Domingu¬ 
ez-Petit et al. (2011), describing the structure of ovarian 
cysts of gadoid fish and suggesting that they were sometimes 
resulting from atresia. 

Atresia is a process by which oocytes and follicles under¬ 
go resorption, which is identified by histological criteria 
(Hunter and Macewicz, 1985). This is a normal involutive 
process common in the ovaries of fish and other vertebrates 
(Saidapur, 1978; Guraya, 1986; Hirshfield, 1991). 

So, due to atresia, fish can regulate their egg production. 
However, in some cases, oocytes can be encapsulated in 
cystic structures that might remain in the ovary for months, 
altering female reproductive potential in future spawning 
seasons (Dominguez-Petit et al., 2011). 

The incidence of atresia is reportedly affected by food 
availability (Solemdal, 1997; Bromley et al., 2000), parasitic 
infestations (Clarke et al., 2006), environmental conditions 


such as temperature (Linares-Casenave et al., 2002; Priva- 
likhin, 2003), pH or the presence of pollutants (Wootton, 
1990; Dominguez-Petit and Saborido-Rey, 2005). 

Clarke et al. (2006) reported that follicular atresia was 
induced by parasites, particularly the nematode Philometra 
saltatrix (Ramachandran, 1973), that can prevent the devel¬ 
opment of the ovaries of bluefish Pomatomus saltatrix (Lin¬ 
naeus, 1766). 

In the present report, high incidence of atresia, oocyte 
detachment from its follicular envelope and breaking of the 
ovarian follicle, were noted from heavy infested ovaries. 
These effects of nematode parasites on host ovaries are in 
accordance with those reported by Clarke et al. (2006), Mir 
et al. (2012) and Mohammed et al. (2017) in bluefish P. sal¬ 
tatrix, freshwater fish Clarias gariepinus (Burchell, 1822) 
and grouper fish Epinephelus microdon (Bleeker, 1856) 
gonads, respectively. 

In fish, it is well established that after the spawning sea¬ 
son, atresia intensity is higher in species with indeterminate 
fecundity than in species with determinate fecundity (Murua 
and Saborido-Rey, 2003). According to these authors, T. tra¬ 
churus is a batch spawner, with indeterminate fecundity. In 
the present study, results showed high incidence of atresia, 
probably in relation with parasite infestation, i.e all the high¬ 
ly infested ovaries revealed a high incidence of atresia. 

From this, we can suggest that nematode parasites could 
be the cause of the ovarian abnormalities observed in this 
study. Furthermore, anisakid parasites induce severe inflam¬ 
matory reactions with tissue deformation affecting the nor¬ 
mal function of organs and may affect behaviour, physiolog¬ 
ical state, health and survival of Atlantic cod Gadus morhua 
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(Linnaeus, 1758), Atlantic salmon Salmo salar (Linnaeus, 
1758) and sea trout Salmo trutta (Linnaeus, 1758) (Spren- 
gel and Liichtenberg, 1991; Rohlwing et al., 1998; Beck et 
al., 2008; Noguera et al., 2009; Levsen and Berland, 2012; 
Haarder et al., 2013; Buchmann and Mehrdana, 2016). 
Recently, Ichalal et al. (2016) suggested that intersexuality 
in a gonochoric species, T. trachurus, may be related to the 
nematode infestation rate. 

The mechanisms underlying gonad deformity in rela¬ 
tion to parasitological status remain less understood. Many 
authors associated macroscopic and microscopic abnormali¬ 
ties with anthropogenic factors and pollutions (Bittner et al., 
2009; Prado et al., 2011; Sanchez et al., 2011; Baynes et al., 
2012; Blazer et al., 2012; Kadji et al., 2012). 

Nevertheless, reports suggest that parasites could inter¬ 
fere with endocrine system at hormonal level (Beckage, 
1993; Jobling and Tyler, 2003). A significant decrease in the 
gonadotropin secretion in the blood stream was recorded 
with the presence of nematode parasite inhibiting gonadal 
development (Mir et al., 2012). So, nematode parasites 
could induce gonadal malformations by disrupting hormonal 
secretions. These hormones are involved in the proper devel¬ 
opment of fish gonads. 

This study emphasizes the need for a search of pollution 
and parasitic nematodes relationships, as well as their nega¬ 
tive effects on fish health. 
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